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DE VICE FOR SELECTIVELY REGULA TjNG 
THE FLOW RATE OF A FLUID 

CROSS REFERENCE TO RELATED APPLICATION 
[0001] This application claims the benefit, under 35 U.S.C. Section 119(e), of co- 
pending US provisional application no. 60/412,409, filed 19 September 2002, the 
disclosure of which is incorporated herein by reference. 

FEDERALLY SPONSORED RESEARCH OR DEVELOPMENT 

Not Applicable 

BACKGROUND OF THE INVENTION 
[0002] The present invention relates generally to devices for regulating the flow of 
intravenous fluids. More specifically, it relates to devices that permit the selection of 
any of a plurality of discrete flow rates for the continuous infusion of intravenous 
liquids. 

[0003] In the medical field, therapeutic or medicinal liquids are often administered 
to a patient by intravenous (TV) infusion system. In an infusion system, the liquid is 
typically contained in a reservoir (a bag or a botde) suspended above the patient, and 
delivered through a tube, by the force of gravity, to an IV needle inserted into the 
patient's vasculature. Alternatively, the liquid may be delivered from a reservoir by 
an infusion pump. 

[0004] It is sometimes necessary to control the flow rate at which the liquid is 
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delivered to the patient, particularly when the liquid is to be administered 
continuously over an extended period of time. The flow rate may be varied 
depending on, for example, the specific medical treatment, type of medicinal or 
therapeutic agent, or the specific needs of a particular patient. Indeed, a specific 
patient's need or demand for a particular drug or other agent may vary over time. 

[0005] A variety of devices and techniques have been devised to control the flow 
rate of an W-adrninistered agent. For example, a clamp may be provided on the IV 
tubing to restrict the flow rate through the tubing. The technique does not, however, 
permit precise metering or control of the flow rate. Another device that purports to 
control the flow rate through an W system is disclosed in US 5,318,515 - Wilk. In 
this device, a housing contains a plurality of flow control tubes of different cross- 
sectional areas that are connected to an inlet that receives the liquid from the 
reservoir through an inlet tube. A selector mechanism on the housing allows the 
flow path through one or more of the flow control tubes to be selectively opened to a 
housing outlet, which is connected by an outlet tube to the IV needle. By opening 
different combinations of the flow control tubes, any of a plurality of discrete flow 
rates can be selected. While this approach has shown promise, improvements have 
been sought that would provide more precise selection and control of fluid flow rates, 
in a device that is inexpensive to manufacture, and simple and reliable to use. 

[0006] Thus, there has been a need for a device that allows the selection of any of a 
plurality of discrete flow rates in an TV system, and that also combines a relatively 
high degree of precision in the selected flow rate with ease of changing the selected 
flow rate. There has been a further need for a device in which the selected flow rate 
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remains stable over time. In addition, such a device should be easy and inexpensive 
to manufacture, so that it may be economically made as a disposable item, while 
providing a high degree of reliability in use. 

SUMMARY OF THE INVENTION 
[0007] A device for selectively regulating the flow rate of a liquid, in accordance 
with the present invention, includes a plurality of flow control tubes, each of which is 
coupled between an inlet and one of a corresponding plurality of occlusion tubes. 
The flow control tubes, while being of equal cross-sectional area, are of different 
lengths, whereby the flow rate through each flow control tube is inversely 
proportional to its length. Each of the plurality of occlusion tubes is coupled 
between a corresponding one of the flow control tubes and an outlet. A flow control 
mechanism includes a plurality of flow-blocking elements, each of which is operable 
on a corresponding occlusion tube. An actuation mechanism moves corresponding 
flow blocking elements to close off flow through one or more of the occlusion tubes. 
The flow rate through the device thus depends on which of the flow control tubes is 
fluidly coupled to the outlet through its corresponding occlusion tube. One or more 
of the flow control tubes can thus be selected to achieve any of several pre-selected 
discrete flow rates. 

[0008] As will be appreciated more fully from the detailed description that follows, 
the present invention offers precise control of a selectable flow rate in a device that is 
economical to manufacture, and that thus lends itself to realization in a disposable 
unit. Furthermore, a device in accordance with the present invention is simple and 
reliable to use. Moreover, by changing the cross-sectional areas of the flow control 
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tubes, different ranges of flow rates can be provided, thus increasing the versatility of 
the device. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0009] Figure 1 is a perspective, semi-exploded view of an IV infusion system 
incorporating a selectable flow rate regulating device in accordance with the present 
invention; 

[0010] Figure 2 is an exploded perspective view of a selectable flow rate regulating 
device in accordance with a preferred embodiment of the present invention; 

[001 1] Figure 3 is a top plan view of the flow control tube assembly used in a 
preferred embodiment of the present invention; 

[0012] Figure 4 is a side elevational view of the flow control tube assembly of 
Figure 3; 

[0013] Figure 5 is a perspective view of the interior of the housing of the preferred 
embodiment of the invention; 

[0014] Figure 6 is a perspective view of the housing shown in Figure 5, showing the 
housing with its cover attached; 

[0015] Figure 7 is a bottom perspective view of a cam that is employed as part of the 
actuation mechanism of the preferred embodiment; 
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[0016] Figure 8 is a bottom perspective view of the cam of Figure 7; 

[0017] Figure 9 is a perspective view of an outlet manifold that may be included in a 
preferred embodiment of the invention; 

[0018] Figure 10 is a cross-sectional view taken along line 10 - 10 of Figure 9; and 

[0019] Figure 1 1 is a table showing an example of the flow rates that can be selected 
with various settings of an exemplary embodiment of the present invention. 

DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT 
[0020] Referring to Fig. 1, an infusion system 100 is shown, in which a flow rate 
regulating device 1 10 in accordance with the present invention may be employed. 
The infusion system 100 includes a fluid reservoir 102, which may be a bag as 
shown. The reservoir bag 102 is typically pre-filled with a volume of a therapeutic 
liquid (e.g., a medicinal agent), and is of a known type that is advantageously 
pressurized by a pump (not shown) that controllably applies a positive pressure to the 
reservoir bag 102. The reservoir bag 102 is fiuidly connected to the inlet of the 
regulating device 1 10 by an upstream IV line 1 12, which comprises several segments 
of flexible tubing cut to suitable lengths. A first segment 1 12a connects the outlet of 
the reservoir bag 102 with the inlet of a conventional fill valve 104. The fill valve 104 
allows additional doses of a therapeutic agent (which may be something other than 
that with which the reservoir bag 102 is filled) to be administered as needed to the 
patient. A second segment 112b connects the outlet of the fill valve 104 with the 
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inlet of a conventional filter 108, used for removing air and/or particulate 
contaminants from the fluid. A clamp 106 may be installed on the second segment 
1 12b between the fill valve 104 and the filter 108, for selectively interrupting the flow 
from the reservoir bag 102. A third segment 1 12c connects the outlet of the filter 108 
with the inlet of the regulating device 110. 

[0021] A downstream IV line 1 14 is connected to the outlet of the regulating device 
1 10, and terminates in a male Luer fitting 116. The Luer fitting 1 16 is of a type to 
which an IV catheter or other device (not shown) may be attached, as by a mating 
female Luer fitting (not shown), for introduction into the vasculature of the patient. 
When not in use, an end cap 1 18 may be installed on the male Luer fitting to prevent 
leakage. 

[0022] The regulating device 110 is used to regulate and adjust the flow rate of the 
liquid delivered from the reservoir bag 102 to the patient. In some situations, it may 
be desired to prevent or deter unauthorized or unsupervised adjustments to the flow 
rate delivered by the regulating device 1 10. Accordingly, an optional security cover 
120 and/or a removable key 122 may be provided for the regulating device 1 10. A 
lockable, tamper-resistant strap (not shown) can also be placed around the flow 
regulating device 110 with the security cover 120 in place to provide further 
impediments to unauthorized adjustments. 

[0023] As will be described in more detail below, the flow regulating device 110 
allows a medical practitioner, health care provider, or the patient himself/herself to 
adjust the rate of flow of the contents of the reservoir bag 102 to the patient. The 
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device 1 10 includes an actuating mechanism, described below, that can be selectively 
moved to different positions, each corresponding to a discrete flow rate. The 
actuating mechanism causes the movement of one or more blocking devices to 
incrementally increase or decrease the flow rate through the device 1 10 by selectively 
obstructing fluid flow through one or more flow control tubes of equal internal 
diameter and unequal length. Thus, a set of discrete flow rates, from zero to a 
specified upper limit, can be provided with the device 1 10. The upper flow rate limit 
can be selected, for example, on the basis of the most likely maximum dosage for the 
therapeutic agent to be delivered. 

[0024] Figure 2 illustrates the major components of the flow regulating device 110. 
Specifically, the device includes an upper housing half 202 and a lower housing half 
204. Mounted in the lower housing half 204 is a flow control mechanism, 
comprising a cam rotor 206 with peripheral grooves 208, and a cam follower plate 
210 with a plurality of flow-blocking elements, which, in the preferred embodiment, 
comprise three resilient cam follower fingers 212a, 212b, 212c. A plurality of detent 
ridges 214 radiate from a central aperture 216 in the cam follower plate 210. The 
operation of the flow control mechanism will be described below. 

[0025] Figures 3 and 4 illustrate a flow control tube assembly 300 that is installed in 
the lower housing half 204 to provide a plurality of selectable fluid flow paths, each 
having a predetermined flow rate, between the upstream IV line 1 12 and the 
downstream IV line 114, between which the flow regulating device 110 is installed. 
The flow control tube assembly 300 includes an outlet manifold 304 comprising an 
outlet port 302 for fluid connection to the upstream end of the downstream IV line 
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1 14, an outlet plenum chamber 303, and a plurality (preferably three) of flow control 
tube connection ports 308. The respective downstream ends of a first flow control 
tube 310, a second flow control tube 312, and a third flow control tube 314 are each 
connected to one of the flow control tube connection ports 308, preferably by a 
solvent bond. The flow control tubes 310, 312, and 314 are preferably made of 
flexible extruded PVC. 

[0026] Each of the flow control tubes 310, 312, 314 for a particular range of flow 
rates has approximately the same inside diameter. Specifically, tubes with inside 
diameters of about 0.003 to 0.004 in. (0.076 mm to 0.010 mm) may be used, but 
tubes having larger or smaller inside diameters can be used, depending on the range 
of flow rates desired, the range of flow rates for a given pressure being directly 
proportional to the inside diameter of the tubes. The flow control tubes 310, 312, 
and 314 are of different lengths, and for tubes of equal inside diameters and for any 
given applied fluid pressure, the flow rate through each of the tubes 310, 312, 314 is 
inversely proportional to its length. For example, in one specific embodiment, the 
lengths may respectively be 2 in. (51 mm), 4 in. (102 mm), and 8 in. (203 mm). 

[0027] The upstream end of each of the flow control tubes 310, 312, 314 is fluidly 
coupled to the downstream end of a corresponding occlusion tube 316, 318, 320, 
respectively, the connections being preferably effected by solvent bonding to molded 
PVC coupling elements 322. The occlusion tubes 316, 318, 320 are preferably of 
substantially equal lengths and internal diameters. The occlusion tubes 316, 318, 320 
are of a soft, flexible plastic material, preferably low shore hardness PVC, so that 
they are resiliently compressible. Thus, the first flow control tube 310 and its 
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associated occlusion tube 316 form a first flow conduit, the second flow control tube 
312 and its associated occlusion tube 318 form a second flow conduit, and the third 
flow control tube 314 and its associated occlusion tube 320 form a third flow 
conduit. The upstream ends of the occlusion tubes 316, 318, 320 are each connected, 
preferably by solvent bonding, to one of three occlusion tube connection ports 324 of 
an inlet manifold 326. The inlet manifold 326 includes an inlet port 306 that is 
adapted for fluid connection to the downstream end of the upstream IV line 1 12. 

[0028] Figures 9 and 10 illustrate the inlet manifold 326 in detail. The occlusion tube 
connection ports 324 extend from a lid 327 that is attached (as by sonic welding) to 
the interior side of an inlet plenum body 328, thereby defining an inlet plenum 
chamber 330. The inlet port 306 extends upstream from the external side of the inlet 
plenum body 328. 

[0029] As shown in Figures 2 and 6, the lower housing half 204 and the upper 
housing half 202 are constructed so as to be fastened to each other to form a housing 
that contains the internal components of the device. The fastening may be by any 
suitable means, such as adhesive bonding or sonic welding. Alternatively, the upper 
housing half 202 may be connected to the lower housing half 204 by means such as a 
snap-together attachment mechanism (not shown), if it is desired to allow the upper 
housing half 202 to be removable. The upper housing half 202 is provided with an 
aperture 218 that is dimensioned and located so as to allow access to the cam rotor 
206. When the housing halves 202, 204 are fastened to each other, the housing so 
formed includes upstream and downstream ends having openings through which the 
inlet port 306 and the outlet port 302, respectively, extend. As shown in Figure 2, 
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the upper housing half 202 has an upstream end wall 205 that may be provided with 
a detent 207 for securing the optional security cover 120. 

[0030] Referring to Figures 2 and 5, the lower housing half 204 is divided into a 
downstream portion and an upstream portion by a lateral support 222. The lateral 
support 222 is itself interrupted by an upstanding detent engagement member 224, 
the purpose of which will be described below. Three vertical slots 226 are provided 
in the lateral support 222, each of which receives one of the occlusion tubes 316, 318, 
320. The lower housing half 204 has a downstream end wall 228. A pair of hinge 
elements 230 may be provided on the exterior of the downstream end wall 228 for 
the attachment of the above-mentioned security cover 120. 

[0031] A spool 402 is located in the downstream portion of the lower housing half 
204. A spool cap 404, having a pair of diametrically-opposed tabs 406 and a central 
aperture 408, is attached to the top of the spool 402. The flow control tubes 310, 
312, 314 are wrapped around the spool 402 and are retained by the spool cap 404, to 
prevent kinking and stretching of the flow control tubes. A pair of opposed outlet 
manifold retention tabs 410 is provided near the downstream end wall 228 of the 
lower housing half 204, thereby defining a space between the retention tabs 410 and 
the downstream end wall 228 for holding the outlet manifold 304. 

[0032] The upstream portion of the lower housing half 204 is provided with three 
guide channels 412, each of which is aligned with one of the slots 226 in the lateral 
support 222, and each of which is configured to hold one of the occlusion tubes 316, 
318, 320 in position for selective occlusion by the flow control mechanism, as will be 
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described below. Centrally located in the upstream portion of the lower housing half 
204 is an annular pedestal 414, to which the cam follower plate 210 (described above) 
is attached. 

[0033] The lower housing half 204 has an upstream end wall 234. Optionally, an 
apertured fitting 236 may be provided on the upstream end wall 234 for the 
attachment of a tie wrap or cable wrap (not shown) that can be attached once the 
optional security cover 120 is in place. A pair of opposed inlet manifold retention 
tabs 416 is provided in the upstream portion of the lower housing half 204 near the 
upstream end wall 234, thereby defining a space between the upstream end wall 234 
and the retention tabs 416 for holding the inlet manifold 326. 

[0034] The annular pedestal 414 includes a vertical alignment slot 418 in its outer 
periphery, and a central aperture or recess 420. As best shown in Figure 2, the 
central aperture 216 of the cam follower plate 210 is dimensioned to fit around the 
outside of the annular pedestal 414. A key or tab 422 extends into the central 
aperture 216 of the cam follower plate 210, and it is dimensioned to be received in 
the alignment slot 418 of the pedestal 414, thereby assuring the proper 
circumferential alignment of the cam follower plate 210 with respect to the pedestal 
414. When the cam follower plate 210 is properly aligned, the cam follower fingers 
212a, 212b, 212c are properly positioned to engage the occlusion tubes 316, 318, 320, 
respectively, as will be described below. Alternatively, this alignment can be 
provided by having a pedestal with a non-circular outer periphery and a cam follower 
plate with a mating non-circular aperture. 
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[0035] As shown in Figure 6, an annular retention collar 502 is installed within the 
central aperture 420 of the support pedestal 414. Referring to Figures 7 and 8, the 
cam rotor 206 has a central retaining post 504 depending from its lower surface that 
fits into the retention collar 502. The retaining post 504 is split so that it fits with a 
snap fit into the retention collar 502, and it is frictionally held in place with respect to 
the collar 502, so that the cam rotor 206 and the collar 502 rotate together within the 
aperture 420, while the cam rotor 206 is restrained from vertical movement. 

[0036] The detailed structure of the cam rotor 206 is shown in Figures 6, 7, and 8. 
The cam rotor 206 is a disc-like structure having a peripheral edge with a plurality of 
vertical (axial) detent grooves 208 formed into it at predefined circumferential 
intervals. The detent grooves 208 define rotational positions that represent pre- 
selected flow rate settings, and they are engaged by the detent engagement member 
224 to provide a palpable "feel" when a desired flow rate is selected. The lower 
surface of the cam rotor 206 is provided with a plurality of cam elements 242a, 242b, 
242c, respectively formed as arcuate ridges located in three concentric annular bands 
244a, 244b, 244c around the center of the cam rotor 206. The radially innermost 
band 244a includes a single arcuate cam element 242a that subtends approximately 
180° of arc. The middle band 244b includes a pair of diametrically-opposed arcuate 
cam elements 242b, each subtending approximately 90° of arc. The radially 
outermost band 244c includes four arcuate cam elements 242c equidistantly spaced 
around the circumference of the band 244c, and each subtending approximately 45° 
of arc. The radial distance of each of the bands 244a, 244b, 244c from the center of 
the cam rotor 206 corresponds to the distance from the center of the cam rotor 206 of 
one of the cam follower fingers 212a, 212b, 212c. Thus, as the cam rotor 206 is 



12 



WO 2004/026373 



PCT/US2003/030135 



rotated, the innermost cam element 242a presses against the cam follower finger 
212a, urging it downwardly. Similarly, the middle cam elements 242b press against 
the cam follower finger 212b, and the outermost cam elements 242c press against the 
cam follower finger 212c, urging these cam follower fingers downwardly when they 
are so engaged by their associated cam elements. When the cam follower fingers are 
forced downwardly by their associated cam elements, they squeeze down upon and 
thus compressively occlude their associated occlusion tubes, thereby shutting off flow 
through that tube, and thus through the flow conduit comprising the occluded 
occlusion tube and its associated flow control tube. Movement of a cam element off 
of its associated cam follower finger allows the finger to resiliently spring back to its 
original position, out of a compressive engagement with its associated occlusion 
tube, thereby opening the occlusion tube to flow from its associated flow control 
tube, and thus opening the flow conduit comprising that occlusion tube and its 
associated flow control tube. 

[0037] In the exemplary embodiment shown, the cam rotor 206 is provided with 
eight detent grooves 208, representing the eight pre-selected flow rates that can be 
provided with three flow control tubes 310, 312, 314 of different lengths (and thus 
three different flow rates), as described above. An exemplary table of selectable, 
predefined flow rates for a three-tube device is shown in Fig. 1 1 . Thus, in the specific 
example shown, the shortest flow control tube provides a flow rate of 4 ml/hr, the 
intermediate length flow control tube provides a flow rate of 2 ml/hr, and the longest 
flow control tube provides a flow rate of 1 ml/hr. A flow rate of zero is provided by 
rotating the cam rotor 206 to position or "state" 1, in which every occlusion tube is 
closed by the depression of its associated cam follower finger. In position or state 2 
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of the cam rotor 206, the occlusion tubes associated with the two longer flow control 
tubes are blocked by the depression of their associated cam foEower fingers by the 
associated cam elements. The resultant flow rate through the device is thus 1 ml/hr. 
In similar fashion, the total flow rate through the device can be further incremented 
from 2 ml/hr to 7 ml/hr by rotating the cam rotor 206 to its positions or states 3 
through 8, respectively. In position or state 8, none of the occlusion tubes is blocked 
by the action of the cam elements and their associated cam follower fingers, thereby 
allowing flow through all of the flow rate control tubes, totaling 7 ml/hr. 

[0038] The flow rate range of the device will be determined by several parameters, 
specifically, the lengths and inside diameters of the flow control tubes, and the 
pressure applied to the upstream side of the flow control tubes. Should a greater 
number of incremental flow rates be desired between zero and the maximum, more 
than three flow control tubes and associated occlusion tubes can be provided, with a 
commensurate increase in the number of cam elements and cam follower fingers. 

[0039] After the actuation mechanism, including the cam rotor 206, is installed in the 
lower housing half 204, the upper housing half 202 is attached to the lower housing 
half 204, e.g., by adhesive bonding or sonic welding. As best shown in Fig. 6, the 
upper surface of the cam rotor 206 is exposed through the aperture 218 in the upper 
housing half 202. The upper surface of the cam rotor 206 is advantageously provided 
with one or more key slots 250, dimensioned and located so as to receive the above- 
mentioned key 122, thereby allowing the cam rotor 206 to be rotated to a different 
position only when the key 122 is properly inserted into the slot(s) 250. The upper 
surface of the cam rotor 206 is provided with appropriate indicia to indicate the 
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discrete flow rates that may be selected by rotation of the cam rotor 206 to its several 
predefined rotational positions. The flow rate indicia may be provided by an annular 
decal 252, for example, or by directly marking the surface of the cam rotor 206. The 
upper surface of the upper housing half 202 is advantageously marked with an arrow 
or like indicator, which may be provided by a second decal 254, to indicate which of 
the flow rates has been selected. 

[0040] While a preferred embodiment has been described herein, it will be 
appreciated that the above-described embodiment is exemplary only, and that a 
number of variations and modifications will suggest themselves to those skilled in the 
art. Some of these modifications and variations have been mentioned above. Others 
may include such features as the number, arrangement, and configuration of the cam 
elements and the cam follower elements, the detent mechanism, and even the 
provision of alternative mechanisms for selectively blocking flow through one or 
more of the flow control tubes. These and other modifications, variations, and other 
equivalents should be considered within the spirit and scope of the invention, as 
denned in the claims that follow. 
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